Recent epidemiological evidence indicates that the hemostatic profile is an important predictor of cardiovascular disease, yet its dietary determinants are not well established. An important question is whether dietary fatty acid intake influences blood levels of coagulation proteins. We examined potential dietary determinants of six hemostatic factors -fibrinogen, factor VII, factor VIII, von Willebrand factor (vWF), protein C, and antithrombin III -in four population-based samples totaling over 15 000 participants, blacks and whites, in the Atherosclerosis Risk in Communities (ARIC) Study. Usual dietary intake was assessed by a food frequency questionnaire. Cross-sectional associations were explored using multiple linear regression analysis, adjusting for gender, race, age, body mass index, smoking status, alcohol use, diabetes, and field center. Dietary intake of n-3 polyunsaturated fatty acids (PUFAs) showed negative associations with fibrinogen, factor VIII, and vWF (blacks and whites) and a positive association with protein C (whites only). Fish intake, the major source of dietary n-3 PUFAs, was similarly related to the hemostatic profile: a 1 serving per day greater fish intake was associated with the following predicted differences (95% confidence interval): fibrinogen, -2.9 mg/dL (-6.3, 0.5); factor VIII, -3.3% (-5. hemostatic factors play an important role in cardiovascular disease. Two coagulation proteins, fibrinogen and factor VII, have been shown in prospective studies to be independent predictors of cardiovascular events. 13 The contribution of other coagulation factors such as factor VIII, antithrombin HI (AT-II1), and protein C to cardiovascular disease has not been established prospectively but is quite plausible in view of their well-known roles in thrombogenesis.
Associations of Fish Intake and Dietary n-3 Polyunsaturated Fatty Acids With a Hypocoagulable Profile
The Atherosclerosis Risk in Communities (ARIC) Study R ecent epidemiological evidence indicates that hemostatic factors play an important role in cardiovascular disease. Two coagulation proteins, fibrinogen and factor VII, have been shown in prospective studies to be independent predictors of cardiovascular events. 13 The contribution of other coagulation factors such as factor VIII, antithrombin HI (AT-II1), and protein C to cardiovascular disease has not been established prospectively but is quite plausible in view of their well-known roles in thrombogenesis.
Dietary determinants of the hemostatic profile have attracted scientific attention over the last decade, with specific interest in the possible influence of various Several prospective studies have suggested that fish intake is inversely associated with coronary heart disease. 811 Inspired by these observations, numerous studies have examined the effect of fish oil supplements on a variety of blood constituents. Effects on platelet function are well established. 12 Effects on the coagulation system, principally fibrinogen and AT-III, however, have been inconsistent. Several investigators reported a lowering of fibrinogen with fish oil supplementation, 1320 but others did not corroborate this finding. 2128 Conflicting results have also been reported for AT-III, ranging from a lowering 212829 to an elevating 22 -30 to no effect at a ll 15. 16 p ew data are available on other important hemostatic factors. In addition, inferences from these supplementation studies to the usual diet of populations are limited, since the vast majority of such studies have by guest on June 29, 2017 http://atvb.ahajournals.org/ Downloaded from used supplemental doses that exceed by several fold the typical n-3 PUFA content of the Western diet. Only a few attempts have been made to explore the associations between Western dietary habits and hemostatic factors at the population level. 3133 We had the opportunity to pursue these issues in a large populationbased sample of participants in the Atherosclerosis Risk in Communities (ARIC) Study.
Methods

Study Design
The overall design and operational characteristics of the ARIC Study, which is a longitudinal investigation of the etiology and natural history of atherosclerosis, were described earlier. 34 The ARIC Study includes two components: a community surveillance component, monitoring the occurrence of hospitalized myocardial infarction and coronary heart disease death in four US communities, and a longitudinal cohort component established in these communities.
Cohort Component
Cohorts of about 4000 persons aged 45 to 64 years and including both men and women were recruited between 1986 and 1989 in four US communities: Forsyth Co, NC; Jackson, Miss; a collection of suburbs of Minneapolis, Minn; and Washington Co, Md. Each cohort was a probability sample of age-eligible residents of the local community, except that only black subjects were eligible for selection in Jackson, Miss.
This component of the study involves repeated comprehensive clinic examinations of the members of the cohort at 3-year intervals. The baseline evaluation undertaken between 1986 and 1989 included medical history, dietary questionnaire, anthropometric and blood pressure measurements, blood sampling for lipid and hemostatic profiles, pulmonary function studies, and B-mode ultrasound scanning of the carotid arteries. Cross-sectional data from that baseline examination were used for the present analysis.
Assessment of Diet
Usual dietary habits, defined as the average intake over the last year, were estimated in ARIC by a semiquantitative food-frequency questionnaire, a modified version of a 61-item instrument developed and validated by Willett et al. 35 Four principal modifications were made: (1) A few items were split into detailed subcategories, for example, a single question addressing fish consumption was separated into three specific fish items used in a later version of this questionnaire. (2) Several food items (eg, donuts and biscuits) were added. (3) Questions regarding wine, beer, and hard liquor were asked in another format. (4) The questionnaire was converted from a self-administered format to interviewer administered. The final questionnaire contained a total of 66 items.
Trained interviewers administered the questionnaire, generally using direct data entry into a microcomputer. Participants were asked how often on average they had consumed a specified portion size of each food (eg, 8-oz glass of whole milk) during the preceding year. Nine response categories were coded ranging from "almost never" to "more than 6 times per day." These nine categories were transformed to servings per day using the following weights: "almost never"=0; "1 to 3 per month"=0.066; "1 per week"=0.14; "2 to 4 per week"=0. 43 ; "5 to 6 per week"=0.79; "1 per day" = 1.0; "2 to 3 per day"=2.5; "4 to 6 per day"=5.0; and "more than 6 per day" = 7.0. For food group analysis, daily servings of the food items within the group were summed, regardless of differences in portion sizes among component foods. Alcoholic beverage consumption was evaluated by asking participants to report their average weekly servings of wine, beer, and hard liquor.
Daily nutrient intake was calculated by multiplying the nutrient content of the specified portion of each food item by the frequency of its daily consumption and summing over all items. Nutrient values for each item were obtained from a nutrient data base. 35 Nutrient values for total fat were obtained by summing the values of animal fat and vegetable fat.
Hemostatic Factor Measurements
Participants were asked to fast for 12 hours before the clinic visit. A blood sample was drawn from an antecubital vein with minimal stasis. The specimen for analysis of hemostatic factors was collected into 4.5-mL vacuum tubes containing 1/1 Oth volume of 3.8% sodium citrate. After centrifugation at the field center laboratory at 3000g for 10 minutes at 4°C, supernatant liquid aliquots were stored at -70°C until final analysis. Samples were shipped to the Central Hemostasis Laboratory at the University of Texas at Houston, where they were assayed in a blinded fashion within 2 weeks of blood collection. Detailed descriptions of the blood collection and processing techniques have been published. 36 Six hemostatic factors -fibrinogen, factor VII, factor VIII, von Willebrand factor (vWF), protein C, and AT-III-were measured. Plasma fibrinogen level was measured by the thrombin time titration method described by Gauss. 37 Reagents for the fibrinogen assay were obtained from General Diagnostics (OrganonTeknika Co, Morris Plains, NJ). Factor VII and factor VIII coagulant activity were measured by determining the ability of the testing sample to correct the clotting time of human factor VII-or factor VIH-deficient plasma obtained from George King Biomedical, Inc (Overland Park, Kan). The plasma levels were then expressed as percent activity by relating the clotting time to a calibration curve constructed for each batch of samples. vWF and protein C were measured by enzymelinked immunosorbent assays using kits from American Bioproducts (Parsippany, NJ). AT-III activity was measured by the chromogenic substrate method. 38 Different batches of Universal Coagulation Reference (Thromboscreen, Pacific Hemostasis) were used for calibration and quality control of hemostasis assays. Reliability coefficients estimated from split specimens sent 1 week apart to the laboratory were AT-III, 0.42; protein C, 0.56; vWF, 0.68; fibrinogen, 0.72; factor VII, 0.78; and factor VIII, 0.86. 39 These coefficients are generally higher than those reported in other studies. 39 
Other Measurements
Body mass index was computed from height and weight (in kilograms per meter squared). Height was measured to the nearest centimeter using a vertical metal rule. Weight was measured on a calibrated scale to the nearest pound with the subject wearing a scrub suit and no shoes. Smoking status and alcohol use were each categorized into four levels: current, former, never, or unknown. Prevalent diabetes was defined as nonfasting glucose >200 mg/dL, fasting glucose >140 mg/dL, and/or a history of or treatment for diabetes.
Statistical Methods
The cohort that completed the baseline evaluation included 15 800 participants. This report is limited to participants who reported their race as either white or black. We excluded from the analysis 835 participants who reported that they were currently taking "blood thinning" medications. To improve the validity of the dietary data, we excluded 329 subjects whose daily energy intake was below the first percentile or above the 99th percentile of the sex-specific distribution, on the assumption that the information provided was less valid. These values were 591 and 4173 kcal/d for men and 488 and 3608 kcal/d for women. We also excluded a few subjects with 10 or more missing responses on the questionnaire. These exclusions left 14 571 subjects with data available for this report. We did not exclude aspirin users because hemostatic factor levels were unrelated to aspirin usage.
Nutrient and food intake was described by computing means and percentiles for the final sample. Potential associations between nutrient or food intake and hemostatic factors were explored using linear regression models with the hemostatic factor as the dependent variable and the nutrient or food as a predictor. Each model included the following predetermined list of covariates: age, gender, race, body mass index, smoking status, alcohol use, diabetes, and field center. All are known to be associated with the hemostatic profile in the ARIC Study, 40 - 41 and their relation to dietary habits is very plausible. The data were also analyzed by analysis of covariance. In this approach, adjusted mean levels of hemostatic factors were compared across quartiles of nutrient or food intake. Initially, energy intake was considered as a potential confounder in this analysis. Univariately, total energy intake was inversely related to most of the hemostatic factors. However, when these relationships were adjusted for the predetermined covariates, only a weak association (P<.05) of calories with vWF remained. We concluded that energy intake was not an independent predictor of the hemostatic factors in question, and its potentially confounding effect was properly taken into account by including other covariates in the models.
The associations between nutrients or foods and the hemostatic factors may differ across race and/or gender strata. To investigate such a possible effect modification, two-way interaction terms involving race or gender were tested in the linear regression models. Whenever a significant (f<.05) interaction was found, race (or gender)-specific associations were examined and only those that were statistically significant (P<.05) are reported, SAS was used for computations. 42 
Results
The distribution of dietary intake of selected nutrients among the study sample subjects is shown in Table  1 . All of the distributions were skewed to the right to some extent. As expected, the contribution of n-3 PUFAs to total fat intake was very small: eicosapentaenoic acid (EPA, 20:5), docosahexaenoic acid (DHA, 22:6), and docosapentaenoic acid (DPA, 22:5) together accounted for only 0.5% of total fat intake. The Pearson correlation coefficients between these three fatty acids ranged from 0.87 (DHA vs DPA) to 0.97 (DHA vs EPA). Table 2 shows the distribution of fish and other seafood intake. The average consumption of any fish item was only 2 servings per week. Dark meat fish, particularly rich in n-3 PUFAs, 43 accounted for less than 25% of total fish intake. Mean±SD levels of the six •For example, salmon, mackerel, swordfish, sardines, bluefish. tFor example, cod, perch, catfish.
hemostatic factors were fibrinogen, 303 ±65 mg/dL; factor VII, 119±29%; factor VIII, 131±39%; AT-III, 111±22%; protein C, 3.17±0.62 Mg/mL; and vWF, 118±48%. Three n-3 PUFAs, namely EPA, DHA, and DPA, showed negative associations with plasma levels of fibrinogen, factor VIII, and vWF and positive associations with protein C level ( Table 3 ). These relationships were almost always consistent in direction and usually consistent in magnitude across the four race and sex strata. However, the associations of EPA and DHA with protein C were limited to whites. There was no association of n-3 PUFAs with factor VII or AT-III. A 100-mg greater daily intake of EPA predicted a 1.1-mg/dL lower fibrinogen, a 0.9% lower factor VIII, a 0.9% lower vWF, and a 0.02-^.g/mL higher protein C level. The predicted differences in these factors for a 100-mg greater DHA intake were about half as great as for EPA. The associations of DPA with these factors were strong but should be interpreted cautiously in light of the extremely low consumption of DPA among the study population. This limitation of DPA is reflected in the wide confidence limits of the predicted differences. Linolenic acid (18:3), the parent compound of n-3 PUFAs, was essentially unrelated to the hemostatic factors (data not shown).
Since fish is the major source of dietary n-3 PUFAs, 44 we further explored the relationships at the food-item level. Table 4 shows the predicted differences in fibrinogen, factor VIII, vWF, and protein C levels associated with a 1 serving per day greater intake of different fish items. The findings paralleled those for the nutrient data, but most associations (P<.05) were limited to the "other fish" item and the "any fish" variable. As before, the relationships were almost always consistent across the four race and sex strata, although the relations with protein C were again restricted to whites. In another analytic approach, participants were categorized according to quartiles of fish consumption. Adjusted mean levels of the hemostatic factors were computed for each quartile from an analysis of covariance model. Although a graded relationship was not always apparent, participants in the upper consumption quartile had the lowest levels of fibrinogen, factor VIII, and vWF and the highest protein C level (Figure) .
Arachidonic acid (20:4), an n-6 PUFA whose physiology and metabolism sometimes compete with those of the n-3 PUFAs, was not associated with any hemostatic factor (data not shown). Likewise, neither total fat, total saturated fatty acids, nor total monounsaturated fatty acids were associated (/ ) <.O5) with any hemostatic factor in the study sample. However, among white men (n=4834) total fat intake as well as saturated fatty acid and total energy intake were positively albeit weakly related to factor VII. A 10-g/d greater fat intake predicted a 0.3% higher factor VII level (95% confidence interval, 0.1% to 0.5%).
Associations of several other nutrients with hemostatic factors are presented in Table 5 . Statistically significant (P<.05) associations are identified. Cholesterol intake was positively associated with fibrinogen, factor VII, factor VIII, and vWF, although most of these associations were restricted to men. Animal fat intake showed a similar pattern. The data suggested modest inverse relationships of crude fiber intake with factor VII and factor VIII levels. Similar associations with factor VII and factor VIII were found for total fiber intake and consumption of all fruits and all vegetables (data not shown).
Caffeine was inversely related to factor VII and factor VIII (blacks and whites) and to vWF (whites only). Alcohol intake was negatively associated with plasma fibrinogen in men and women and with factor VIII and vWF in women only (Table 5) . Of note, ARIC data did not suggest any important dietary determinants of AT-III. Discussion Despite much scientific effort over the last decade, the relationship of diets and dietary fat in particular to coagulation factors has not been clearly established. The Whites only.
study data reported here provide insights into these relationships at the population level. Dietary n-3 PUFAs, derived primarily from fish, were found to be negatively associated with the three hemostatic factors fibrinogen, factor VIII, and vWF. They were positively associated with the coagulation inhibitor protein C, although the clinical implication of this finding is uncertain. Heterozygous protein C deficiency did not seem to confer an increased risk of venous thrombosis, 45 and the role of protein C in arterial thrombosis is controversial. 4647 Overall, the observed relationships with the four factors suggest an association of these fatty acids with reduced blood coagulability. The inverse relationship with fibrinogen, albeit weak, could be considered favorable with respect to the risk of cardiovascular disease.
Numerous human feeding studies 13 -20 but not all 21 -28 have reported a lowering of plasma fibrinogen after supplementation of the diet with various doses of fish oil. A dose-response relation has also been suggested. 20 Few feeding studies have examined the effect of n-3 PUFAs on vWF or factor VIII. Lowering of the vWF level was reported in two trials 20 ' 48 ; a single study reported lowering of the factor VIII level. 28 To our knowledge, this is the first report corroborating these associations within a population-based sample consuming a Western diet.
A positive association of n-3 PUFA intake with protein C has not been reported previously. Three feeding studies 1516 ' 29 did not find any effect, and another 28 suggested that EPA and DHA feeding lowered protein C level. The associations in this study were statistically significant but were limited to whites. We suspect that the race difference may be due to the smaller sample size in blacks. Reanalysis by the four race and sex strata revealed that the associations were similar for white men, white women, and black women but not for black men. The latter group contained by far the smallest number of participants (n=1501). Intake of fish, particularly dark meat fish, is the main source of dietary n-3 PUFAs 43 - 44 and is strongly correlated with plasma levels of EPA and DHA. 49 Dietary n-3 PUFAs, as estimated by food-frequency questionnaires similar to the ARIC dietary questionnaire, also correlate with the levels of these fatty acids in plasma phospholipids 50 and adipose tissue. 51 Not surprisingly, the relations with hemostatic factors were consistent for both fish consumption and n-3 PUFA intake. Statistical significance (P<.05) for the most part, however, was limited to the "other fish" and "any fish" variables rather than to the "dark meat fish" item. Although "dark meat fish" are rich in n-3 PUFAs, participants reported to have consumed them far less frequently than "other fish" ( Table 2 ). The contribution of the "other fish" category to total EPA, DHA, and DPA intake was as great as that of "dark meat fish" (about 30%) and was particularly substantial to DPA intake (about 50%). A relatively small contribution of "other seafood," also known to be rich in n-3 PUFAs, to n-3 PUFA intake might explain the lack of any significant association of this item with the hemostatic factors.
ARIC data did not suggest any relation between dietary n-3 PUFAs and AT-III. Although Eskimos, who consume large amounts of EPA and DHA, reportedly have elevated AT-III levels, 52 30 A rather large variability in the laboratory measurement of AT-III may account for the inconsistencies. The chromogenic substrate method that was used to measure AT-III in this and many other studies did not prove to be highly reliable; the reliability coefficient in ARIC was only 0.42, the lowest of all the six hemostatic factors measured. 39 Cross-cultural 53 and prospective 811 studies have suggested an inverse relationship between fish intake and coronary heart disease. Suggested mechanisms include an improved lipid profile, 54 decreased platelet aggregability, 55 and enhanced fibrinolytic activity. 56 Another potential mechanism may be hypocoagulability. Plasma fibrinogen level has been reported to be an independent predictor of cardiovascular events 13 ; factor VIII plays an important role in the intrinsic coagulation pathway 57 ; and vWF regulates platelet adhesion to the vessel wall. 57 All of these factors were inversely related to fish intake.
The biological mechanisms underlying the associations remain to be elucidated. Both fibrinogen and protein C are synthesized by hepatocytes, whereas vWF is synthesized in extrahepatic sites, mostly in endothelial cells. 57 The exact site of synthesis of the active component of factor VIII is unknown. Recently it was reported that fibrinogen production by hepatoma cells was inhibited in fish oil media. 58 Animal studies suggest that ingestion of EPA and DHA increases their content in liver mitochondrial and microsomal membranes 59 -60 and renders the latter more susceptible to lipid peroxidation. 60 The resultant alterations in cellular membranes may influence the production of fibrinogen and protein C in the hepatocyte. The effect of n-3 PUFAs on vWF synthesis in endothelial cells has not been studied. However, fish oils were found to modulate production of other substances by endothelial cells, such as plateletderived growth factor-like protein 61 and endotheliumderived relaxing factor. 62 With the possible exception of animal fat intake, other dietary fats generally did not prove to be important determinants of the hemostatic factors in question. Dietary cholesterol, however, was positively associated with plasma fibrinogen, a finding consistent with a previous report of higher fibrinogen levels in subjects on a habitual high-cholesterol diet. 63 Two feeding studies suggested that total fat intake is positively related to factor VII coagulant activity, 64 -65 but a more recent report did not corroborate this finding. 66 ARIC data showed only a weak association between total fat intake and factor VII, which was restricted to white men. The single other populationbased study reporting this relation was conducted in white men as well. 67 However, it is uncertain whether fat consumption per se or total energy intake primarily accounted for this association. Both were related to factor VII level in ARIC white men and, as expected, were highly intercorrelated (r=.9). Adjustment for caloric intake using the nutrient residual method 68 suggested that total energy intake rather than fat consumption was the main determinant of factor VII.
Several limitations of this study should be mentioned. First, cross-sectional relationships do not necessarily imply causal associations. Fish intake, for example, may be a surrogate measure for a yet-undetermined factor that influences the hemostatic profile. Nonetheless, the causal nature of many of the associations revealed is supported by previous experimental evidence. Second, n-3 PUFAs were highly intercorrelated in this data set. Theoretically, only one of them might have been causally related to the hemostatic profile, whereas the other two might have been merely surrogate measurements. Finally, the range of n-3 PUFA consumption among the study participants was remarkably narrow. Predictions outside this range must be made cautiously.
Many of the observed associations were weak. However, it should be remembered that the strong association between dietary lipids and serum cholesterol level demonstrated consistently in feeding studies is undetectable in most cross-sectional studies. 69 Dietary habits as well as hemostatic factors are measured with considerable error, which is likely to attenuate existing associations. Thus, the true magnitude of the relationships between dietary habits and hemostatic factors could be greater than apparent from these analyses. Based on risk estimates from the Northwick Park Heart Study, 2 increasing fish consumption to 1 serving per day might reduce plasma fibrinogen and thereby lower the risk of ischemic heart disease death by 1% to 2%. The true risk reduction could be greater, given the attenuation effect of measurement error. The clinical significance of the observed relationships with factor VIII, vWF, and protein C is yet to be determined.
